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PROJECT OBJECTIVES
The objective of this project was to begin to identify gaps in technology, information, benefits and/or incentives that are slowing or stopping the greater implementation of fully permeable pavement in the US, particularly in California. The objective was completed through a survey. 
INTRODUCTION
Fully permeable pavements are defined for the purposes of this study as those in which all layers are intended to be permeable and the pavement structure serves as a reservoir to store water during storm periods in order to minimize the adverse effects of stormwater runoff. The surface can be any permeable paving material, and most surfaces are typically are either pervious concrete, porous asphalt, or permeable interlocking pavers, or combinations of each of these. In this technical memorandum the term permeable pavement is used generically for fully permeable pavements with all surface types. The rest of the pavement structure consists of aggregate layers with numerous large interconnected air-voids that can store water and allow it to flow through them. The subgrade is often compacted less than for conventional pavements to help improve its permeability as well.
Permeable pavements can be designed to capture some or part of the rainfall and runoff from storms, and can include features for conveying water to conventional stormwater drainage systems when they reach their capacity for storage and/or infiltration.
Applications and Benefits of Permeable Pavements
Local governments around the world are interested in the development of fully permeable pavement designs as a an ME design procedure for permeable interlocking concrete pavement (PICP), and to calibrate the method using accelerated pavement testing with the Heavy Vehicle Simulator (HVS). The results of this work (12, 13) are being incorporated into a new ASCE design method for PICP (14). The Toronto and Region Conservation Authority completed a five-year paver and concrete permeable pavement parking lot evaluation that demonstrated that geotextiles do not impede flows to the subgrade, as well as comparisons of surface water runoff and groundwater quality which showed improvement compared to impermeable asphalt pavement (19) . The study included an LCCA comparison to impermeable asphalt with an oil and grit separator and the permeable pavements showed cost savings when differences in water quality were included (20).
Challenges 10 Years Ago
Advances Outside of California
SURVEY REGARDING OBSTACLES TO IMPLEMENTATION
Survey Description
Considering the great advances made in the technology of fully permeable pavements over the past 10 years, a number of practitioners and researchers in the field have questioned the apparent slow pace of acceptance and use of permeable pavements. This has been the subject of panel discussions at recent pavement and stormwater management conferences.
To get a better idea of the reasons for this slow pace of market penetration, the California Department of 
Californians with Permeable Pavement Experience
The first question put to those with experience asked them to identify their three most significant issues with FPP. The responses are shown in Table 3 .1. The results show that maintenance, which likely means maintaining the permeability of the surface, was by far the most cited issue, appearing in nearly one fifth of the responses.
Water ponding, which was cited by eight percent, is related. Higher cost, installation issues, quality of construction, conflicts with utilities, and lack of familiarity with the design methods were the next most prevalent issues. The remaining questions posed to the Californians with FPP experience are shown in Table 3 .2. The results
show that nearly two thirds of respondents thought that their FPP projects were successful, and about the same number thought that their stakeholders held that same opinion. Just over ten percent thought that the projects were not successful, and about the same percentage thought that their other stakeholders felt the same way.
Nearly three quarters of practitioners would definitely consider using FPP again, and more than 90 percent would consider it.
The survey results indicate that the primary reason FPP was chosen was for its environmental benefits, followed by owner's preference. About 10 percent of the respondents selected FPP for its long-term cost savings. The results also show that a wide range of design manuals and methods were used, while hydraulic design generally did not follow any established standards.
For those with FPP experience, it was generally thought that the top four reasons for the rare implementation were higher initial cost, maintenance costs and issues, general industry conservatism, and a lack of guidance and specifications.
Non-Californians with Permeable Pavement Experience
The answers from non-Californians with FPP experience were very similar to those from Californians, although they were somewhat more positive about their experiences. Conflict with existing regulations was an additional reason cited for lack of widespread implementation.
Californians without Permeable Pavement Experience
The answers to the questions posed to Californians without prior FPP experience are shown in Table 3 .3. More than a third of those without experience were not convinced that FPPs work. About 35 percent were happy to evaluate FPP or were waiting for the right project to try it on (some overlap in the two possible answers). Those without experience cited maintenance concerns and the possibility that FPP might not work well as a pavement as the two most likely reasons for the lack of widespread implementation. There were also concerns about greater initial cost and that FPP might not work as a catchment. The predominant methods for stormwater runoff treatment used by these respondents are detention ponds, retention ponds, and no treatment (straight to receiving waters).
Only one third were aware of the reductions in pollutants generally attributed to FPP, and less than 15 percent were aware that FPP can reduce peak flows. About 10 percent were aware that FPP can help replenish groundwater.
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CONCLUSIONS AND RECOMMENDATIONS
The following are the conclusions from the search of existing literature:  Significant progress has been made in the technical aspects of designing FPP.
 Improved information regarding good design will become available due to updates to various design methods and to ASCE standards.
Although it was not addressed in the survey reported in this technical memorandum, earlier UCPRC work for
Caltrans identified the need to improve the mix designs for pervious concrete and porous asphalt to obtain both better durability and better long-term permeability. The conclusions that follow have been drawn solely from the survey reported here:  Those who have used fully permeable pavement (FPP) and their stakeholders generally consider that the projects were successful.  Although a significant percentage of practitioners remain unconvinced that FPP can work, many of those practitioners lack detailed knowledge of FPP and are unaware of its environmental benefits.  Concerns about maintenance efficacy and the cost of FPP remain, as do issues with initial cost and construction quality and expertise.  Potential users of FPP appear to lack sufficient information and/or knowledge about the information available covering subjects such as initial costs, maintenance frequency and methods, design guidelines, and the selection of projects for which FPP may be applied.  Another major obstacle to increased use of FPP appears to be the inherent risk-averseness of would-be practitioners, due to a lack of rewards for innovation and a low tolerance for failure that is common in many areas of civil engineering.
Following are recommendations for the research and development community working to improve and more fully implement permeable pavement technology:
 Develop more definitive information regarding the following items and make it more widely available.
These should include basic information, how to determine the information for specific projects, and case study examples:
o Cost comparisons with alternatives (initial costs and life cycle costs)
o Better documentation of benefits, disbenefits, and costs relative to alternatives in different design contexts o Functional lives, for both structural and hydraulic (permeability) requirements o New design information for all FPP types as it is produced o Develop and make known additional alternative best practices for maintenance and tradeoffs regarding their costs, difficulty, availability, and how frequently to perform them  More field and accelerated pavement testing validation of designs  Improvement of porous asphalt and pervious concrete mix designs
